Endoscopic biliary stent placement is a well-established palliative treatment for patients with malignant biliary obstruction.\[[@ref1][@ref2]\] The patency period of stents is of paramount importance for the patient with a short life expectancy.\[[@ref3][@ref4]\] Stent occlusion can occur and drainage has to be re-established in patients with expected long survival. Therefore, it is important to identify patients with malignant biliary obstruction at high risk for stent occlusion, which may be helpful for clinicians to identify patients who would most likely need early elective stent exchange or subsequent stent insertion.

There is no consensus on which factors would significantly affect the patency of biliary stent, although several studies on this subject have been published.\[[@ref3][@ref5][@ref6][@ref7]\] Matsuda *et al*.\[[@ref5]\] reported that age and serum total bilirubin level are the important factors affecting the patency of implanted plastic stent in patients with malignant biliary obstruction. Khashab *et al*.\[[@ref6]\] suggested that only male gender and hilar stricture are predictors of early stent occlusion among plastic biliary stents. Kim *et al*.\[[@ref3]\] suggested that early expansion of the stent and easy passage of larger-caliber instruments through the stricture were favorable factors for long-term patency of the metal stent. Recently, van Boeckel *et al*.\[[@ref7]\] reported that a score model consisted of stent type, bilirubin level, and a biliary stricture preceding dilation can predict early stent occlusion. Such predictive factors may be expected to vary in different populations because of differences in the etiologies of malignant biliary obstructions. In addition, to our best knowledge, predictors of occlusion of the first inserted metal stent in patients with malignant biliary obstruction have not been fully investigated and data from China are scarce. For above-mentioned reasons, we aimed to investigate predictors of occlusion of first implanted metal stent in patients with malignant biliary obstruction.

PATIENTS AND METHODS {#sec1-1}
====================

Data of patients who underwent therapeutic endoscopic retrograde cholangiopancreatography for malignant biliary obstruction from January 2009 to January 2012 were reviewed. Each patient\'s status was classified according to the physical status classification of the American Society of Anesthesiologists (ASA).\[[@ref8][@ref9]\] Patients with successful endoscopic metal stent implantation were enrolled. Exclusion criteria from the study included previous biliary stent, previous percutaneous transhepatic biliary drainage, previous surgery, no follow-up information available, surgically resectable case, and possible benign case. Endoscopic sphincterotomy was performed to facilitate stent placements. All metallic biliary stents used in the current study were uncovered, 1 cm in diameter, and ranging from 6 to 8 cm in length. The metallic stents mainly come from Taewoong (Seoul, Korea) and Sewoon Medical (Seoul, Korea) manufacturers. All patients with hilar strictures underwent unilateral stent placement irrespective of Bismuch classification, in whom magnetic resonance cholangiopancreatography and/or computed tomography was used to plan drainage only of the largest intercommunicating ductal segments, with avoidance of ducts draining atrophic lobes.\[[@ref10]\] This study protocol was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University.

Occlusion of the stent was considered if patients had recurrent jaundice or cholangitis. If stent occlusion occurred, mechanical cleaning with a balloon and "stent-in-stent" placement with a plastic stent were used as an endoscopic treatment modality. As described by Raju *et al*.,\[[@ref11]\] Stent patency was determined as the period between first stent placement and stent occlusion and was calculated for each patient using the data from the initial inserted stent.

The duration of stent patency was analyzed by Kaplan--Meier method and compared by using the log rank test. All variables that were found to be significantly correlated to the stent patency on univariate analysis were selected as candidates for multivariate Cox regression analysis. Hazard ratio (HR) with 95% confidence interval (CI) was calculated. The equality of cumulative incidence of stent obstruction across groups was evaluated by Gray\'s test.\[[@ref12]\] If a patient succumbs to the disease without stent occlusion, we considered the patency time was equal to the survival period and considered both stent obstruction and death as the events when performing univariate and multivariate analysis. However, the patient\'s death was considered as a competing risk when we analyzed the cumulative incidence of stent obstruction.\[[@ref12]\] *P* values below 0.05 were considered significant. All analyses were performed using STATA version 12.0.

RESULTS {#sec1-2}
=======

Patient characteristics {#sec2-1}
-----------------------

The clinical characteristics of patients are shown in [Table 1](#T1){ref-type="table"}. A total of 178 patients (116 male; median age 71) were included in the current study. Only two patients received radiotherapy and one patient received a combination of chemotherapy and radiotherapy. The leading cause of biliary obstruction was cholangiocarcinoma (42.6%). Seventy-four (41.6%) patients had hilar biliary obstruction (4 Bismuth type I, 10 type II, 24 type III, and 36 type IV). Distal metastasis was found in 72 (40.5%) patients. All patients had jaundice and 140 (78.6%) patients had fever. The median initial total bilirubin level before stenting was 13.2 mg/dL. One hundred and seventy-one patients underwent stent occlusion during the follow up and only seven patients died without stent clogging. Of the 171 patients, 44 patients underwent "stent-in-stent" procedures, whereas the remainder received palliative medicine (122 patients) or percutaneous transhepatic cholangial drainage (five patients) before death. Median overall patency of the first stent was 178 days (128--180 days). As shown in [Figure 1](#F1){ref-type="fig"}, total cumulative obstruction rate of the first inserted stents during the follow up was 33%, 57%, 83%, and 96% at 90, 180, 360, and 720 days.

###### 

Baseline patient characteristics (*n*=178)
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![Cumulative incidence of stent obstruction in 178 patients during the follow up](SJG-21-386-g002){#F1}

Risk factors related to stent occlusion: Univariate and multivariate analysis {#sec2-2}
-----------------------------------------------------------------------------

Eight variables considered relevant to stent patency were tested using univariate analyses. As shown in [Table 2](#T2){ref-type="table"}, the log-rank test revealed that age, ASA status, biliary stricture location, metastasis cancer, and length of stent were significantly associated with the duration of stent patency. Variables significantly linked to the duration of stent patency were assessed by multivariate Cox regression analysis. As shown in [Figure 2](#F2){ref-type="fig"}, multivariate analysis confirmed that hilar obstruction (HR = 3.26, 95% CI, 2.31--4.61; *P* \< 0.001), metastasis cancer (HR = 2.61, 95% CI, 1.79--3.80; *P* \< 0.001), and length of stent (HR = 1.74, 95% CI, 1.24--2.46; *P* \< 0.001) were independent risk factors to stent occlusion.

###### 

Univariate analysis of stent patency time
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![Cox regression plot of hazard ratios and 95% confidence intervals. Significant predictors of stent occlusion included hilar obstruction, metastasis cancer, and stent length](SJG-21-386-g004){#F2}

With respect to cumulative obstruction rate of inserted stents, it was 55%, 82%, and 93% at 90, 180, and 360 days in patients with hilar obstruction compared with 17%, 40%, and 75% in patients without hilar obstruction (Gray\'s test: *P* \< 0.001) \[[Figure 3](#F3){ref-type="fig"}\]. Patients with metastasis cancer had a cumulative obstruction rate of 62%, 82%, and 90% at 90, 180, and 360 days, whereas it was 13%, 41%, and 77% in patients without metastasis cancer (Gray\'s test: *P* \< 0.001) \[[Figure 4](#F4){ref-type="fig"}\]. Patients with 8 cm length stents had a higher cumulative obstruction rate of 39%, 63%, and 85% at 90,180, and 360 days compared with 20%, 47%, and 76% for patients with 6 cm length stents (Gray\'s test: *P* = 0.04) \[[Figure 5](#F5){ref-type="fig"}\].
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DISCUSSION {#sec1-3}
==========

As expected, our data showed that patients with hilar strictures had a shorter duration of patency than that of distal obstruction (90 vs 210 days) \[[Table 2](#T2){ref-type="table"}\]. Multivariate analysis indicated that hilar stricture was associated with a significantly increased risk of stent occlusion (HR = 3.26; 95% CI: 2.31--4.61) \[[Figure 2](#F2){ref-type="fig"}\]. The cumulative obstruction rate of inserted stents in patients with hilar obstruction was 55%, 82%, and 93% at 90,180, and 360 days \[[Figure 3](#F3){ref-type="fig"}\]. These results are consistent with previous reports.\[[@ref6][@ref11][@ref13]\] It may be explained that tortuous hilar anatomy and atrophic lobes with diminished volume of parenchyma in patients with hilar obstruction may limit sufficient drainage of secondary or tertiary branches of ducts.

Patients with unrespectable metastasis hilar obstruction often have a median life expectancy of 2--4 months compared with 6 months or more in patients without metastasis cancer.\[[@ref14][@ref15]\] Raju *et al*.\[[@ref11]\] suggested that presence of metastasis and absence of treatment with chemotherapy, radiotherapy, or chemo-radiation were independent prognostic factors for survival. In addition, Eum *et al*.\[[@ref16]\] suggested that a higher cancer stage (tumors involving the celiac axis or superior mesenteric artery or tumors having distant metastasis) was associated with shorter patency of metal stent in unrespectable pancreatic cancers. As expected, multivariate analysis indicated that metastatic tumors were associated with a significantly increased risk of stent occlusion (HR = 2.61; 95% CI: 1.79--3.81) \[[Figure 2](#F2){ref-type="fig"}\]. Patients with metastasis cancer had a cumulative obstruction rate of 62%, 82%, and 90% at 90, 180, and 360 days \[[Figure 4](#F4){ref-type="fig"}\].

Few studies investigated the relationship between length of stent and duration of stent patency. Kim *et al*.\[[@ref3]\] suggested that length of stent did not affect the patency of metal stents. However, our data indicated that length of stent may be associated with stent occlusion (HR = 1.74, 95% CI, 1.24--2.46) \[[Figure 2](#F2){ref-type="fig"}\]. Patients with a longer-length stent (8 cm) had a higher cumulative obstruction rate of 39%, 63%, 85% at 90, 180, and 360 days compared with 20%, 47%, and 76% for patients with short-length stent (6 cm) \[[Figure 5](#F5){ref-type="fig"}\]. The difference may be partly explained that the small sample (68 patients) of study by Kim *et al*. does not lead to a statistically significant result. Presumably, flow velocity of bile may be decreased in these longer-length stents secondary to fluid dynamics when compared with short-length stents.

It should be mentioned that there were more than 10% patients who survived 1--2 years and 4% patients who survived more than 2 years after stent insertion in the present study \[[Figure 1](#F1){ref-type="fig"}\]. We were not sure whether a palliative surgery would be a better option for these patients. However, a cost-effective study by Raikar *et al*.\[[@ref17]\] reported that compared with palliative surgery, endoscopic stenting for unresectable pancreatic cancer could provide equivalent duration of survival at reduced cost and shortened hospital stay, although subsequent stent changes were necessary.

The median overall stent patency (178 days) in our study appeared a little shorter than that reported by Kim *et al*.\[[@ref3]\] (189 days). This difference may in part be due to the higher proportion of patients with metastatic cancer or hilar obstruction enrolled in our study, where unilateral drainage was performed even where advanced Bismuth-type hilar strictures existed. Vienne *et al*.\[[@ref18]\] suggested that draining more than 50% of liver volume, which often requires bilateral drainage, was an important predictor of successful drainage for advanced Bismuth-type hilar strictures. In addition, it must be noted that only a few patients received adjuvant treatment in our study, which in turn may also influence the duration of stent patency. Other limitations of our study include the retrospective nature of our study, which may produce a population bias and also prevent us to investigate other potential predictors such as the type of metal stent (different manufacturers) and severity of the bile duct stricture.\[[@ref3]\] It will be interesting to analyze and compare these parameters in the future. However, compared to previous studies, we only analyzed the patency of the first inserted stent and also two lengths of stents with the same diameter, and this renders homogeneity to the study population.

In conclusion, we have shown in this study that a hilar biliary stricture, metastatic cancer, and length of stent were important predictors of occlusion of first inserted metal stent in patients with malignant biliary obstruction.

We are very thankful to two anonymous reviewers for their thoughtful and precise critiques, observing which has helped us to improve the quality of the manuscript substantially.

**Source of Support:** Nil

**Conflict of Interest:** The authors declare that they have no potential conflicts of interest.
